Background: We performed a meta-analysis of cholinesterase inhibitors for patients with Lewy body disorders, such as Parkinson's disease, Parkinson's disease dementia, and dementia with Lewy bodies. Methods: The meta-analysis included only randomized controlled trials of cholinesterase inhibitors for Lewy body disorders. 
Introduction
Lewy body disorders, such as Parkinson's disease (PD), PD dementia (PDD), and dementia with Lewy bodies (DLB), are neurodegenerative diseases characterized by accumulation of Lewy bodies in brain cells (Lippa et al., 2007) . Cognitive impairment is an important feature of all Lewy body disorders (Goldman et al., 2014) .
A recent meta-analysis showed that cholinesterase inhibitors (ChEIs) (donepezil, galantamine, and rivastigmine) were superior to placebo in improving cognitive function in patients with AD (Tan et al., 2014) . In addition, ChEIs have recently been tested for the treatment of Lewy body disorders based on studies reporting cholinergic system dysfunction in these patients (Candy et al., 1983; Tiraboschi et al., 2000; Bohnen et al., 2003) .
The efficacy of ChEIs in managing patients with DLB, PDD, and cognitive impairment in PD (CIPD) was assessed in a Cochrane meta-analysis of 6 randomized controlled trials (RCTs) including 1263 patients (Rolinski et al., 2012) . This meta-analysis revealed that pooled ChEIs were superior to placebo in improving cognitive function in patients with DLB, PDD, and CIPD (standardized mean difference [SMD] = −0.34, 95% confidence interval [CI] = −0.46 to −0.23, P < .00001]. Wang et al. (2015) conducted a meta-analysis of 7 RCTs (1403 patients) evaluating ChEIs (donepezil and rivastigmine) and memantine for DLB, PDD, and CIPD; results revealed that donepezil and rivastigmine were superior to placebo in improving cognitive function, as assessed by Mini-Mental State Examination (MMSE) (Folstein et al., 1975) in patients with DLB, PDD, and CIPD (5-mg donepezil: weighted mean difference [WMD] = −2.57, 95% CI = −4.23 to −0.90, P = .003, 3 RCTs, n = 440; 10 mg donepezil: WMD = −1.31, 95% CI = −2.53 to −0.09, P = .04, 4 RCTs, n = 450; and 12-mg rivastigmine: WMD = −1.04, 95% CI = −1.65 to −0.43, P = .0009, 2 RCTs, n = 621].
As PD is a Lewy body disorder, we performed a meta-analysis of ChEI safety and efficacy for treating patients with Lewy body disorders, including DLB, PDD, CIPD, and PD. This analysis pooled the results of 17 RCTs (involving 1798 patients) using the same methodology as that used in our previous meta-analysis (Matsunaga et al., 2015) .
Methods
This meta-analysis was performed according to Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines (Moher et al., 2010) . We systematically reviewed the literature using the PICO strategy (patients: Lewy body disorders; intervention: ChEIs, including donepezil, galantamine, and rivastigmine; comparator: placebo or usual care; outcomes: cognitive function [primary] , behavioral disturbances [primary] , motor function [primary] , global function, activities of daily living, discontinuation rate, and individual adverse effects).
Inclusion Criteria, Search Strategy, Data Extraction, and Outcome Measures
We included only RCTs of ChEIs for patients with Lewy body disorders. Open-label, nonplacebo-controlled (ie, usual care), and crossover studies were included for increasing the sample size.
To identify relevant studies, we searched PubMed, Cochrane Library databases, EMBASE, CINAHL, and PsycINFO citations. There were no language restrictions, and we considered all studies published up to July 14, 2015. We used the following key words: "cholinesterase inhibitor," "donepezil," "galantamine," "rivastigmine," "Lewy," "Parkinson disease," or "Parkinson's disease." Additional eligible studies were sought by searching the reference lists of the primary articles and relevant reviews.
Two authors (S.M. and T.K.) scrutinized the patient inclusion and exclusion criteria for the identified studies. When data required for the meta-analysis were missing, the first and/ or corresponding authors were contacted for additional information, including endpoint scores. Three authors (S.M., T.K., and I.Y.) independently extracted, assessed, and entered the data into Review Manager (Version 5.3 for Windows, Cochrane Collaboration, http://ims.cochrane.org/revman). Discrepancies in different coding forms were resolved by discussions between authors (S.M. and T.K.)
Data Synthesis and Statistical Analysis
Each outcome measure reported in this study was used in at least 3 of the 17 included studies. The primary outcome measures of efficacy were cognitive function, behavioral disturbances, and motor function. Cognitive function was assessed by MMSE, modified MMSE (Teng and Chui, 1987) , or Montreal Cognitive Assessment (Dalrymple-Alford et al., 2010) . Behavioral disturbances were assessed by Neuropsychiatric Inventory (Cummings et al., 1994) and Brief Psychiatric Rating Scale (Overall and Gorham, 1962) . Motor function was assessed by Unified Parkinson's Disease Rating Scale-motor (UPDRS-motor) (Fahn et al., 1987) . Secondary outcome measures included ADL, global function, all-cause discontinuation, discontinuation due to adverse events, and incidence of individual adverse events. ADL was assessed by Alzheimer's Disease Co-operative StudyActivities of Daily Living Inventory (Galasko et al., 1997) , Unified Parkinson's Disease Rating Scale-Activities of Daily Living (Fahn et al., 1987) , and Zarit Caregiver Burden Interview (Zarit et al., 1980) . Global function was assessed by Clinician's InterviewBased Impression of Change plus Caregiver Input (Olin et al., 1996) and Alzheimer's Disease Cooperative Study-Clinical Global Impression of Change (Schneider et al., 1997) .
We based our analyses on intent-to-treat (ITT) or modified ITT data (ie, at least 1 dose or at least 1 follow-up assessment). However, we analyzed the complete set of data for ensuring that the maximum possible information was included (Okereke et al., 2004; Litvinenko et al., 2008) .
For combining studies, we used the random effects model of DerSimonian and Laird (1986) . This model is more conservative than the fixed effects model and provides a wider CI. For continuous data, we calculated Hedges' g SMD effect sizes and used the cut-off values for small, medium, and large effect sizes (0.2, 0.5, and 0.8, respectively) set by Cohen (1988) . If SD was not reported, it was calculated from the 95% CI (Higgins and Green, 2011) . Furthermore, for dichotomous data, the risk ratio (RR) was estimated along with 95% CIs. When the random effects model revealed significant differences between groups, the number needed to harm (NNH) was calculated from the risk difference as NNH = 1/ risk difference. We explored study heterogeneity using the I 2 statistic, with values of ≥50% regarded as considerable heterogeneity (Higgins et al., 2003) . In cases with I 2 ≥ 50% for the primary outcome measures, we conducted sensitivity analyses for determining the reasons for heterogeneity. We examined the following confounding factors: blinding (doubleblind or not), placebo-controlled or non-placebo-controlled trial, diagnosis (DLB, PDD + CIPD, or PD), trial duration (>12 weeks or ≤12 weeks, as 12 weeks was the median of the study duration for all included trials), type of ChEI (donepezil, galantamine, or rivastigmine), sample size (>28 per group or ≤28 as 28 was the median number of participants per group), sponsorship (industry sponsored or not), and quality of the trial design (high quality trial or "other," where high quality is defined as double-blind, parallel, and placebo-controlled as well as ITT or modified ITT analysis). Funnel plots were visually inspected for assessing the possibility of publication bias. We also assessed the methodological qualities of the articles included on the basis of the Cochrane risk of bias criteria (Cochrane Collaboration; http:// www.cochrane.org/).
Results

Characteristics of the Included Studies
The search yielded a total of 946 references, of which 550 were duplicates ( Figure 1 ). We excluded 360 references for not meeting our criteria after reviewing the title and abstract, and a further 19 were excluded after full-text reviews because they provided duplicate studies (n = 12), review articles (n = 5), or non-RCTs (n = 2). Seventeen RCTs were finally included for testing ChEIs for Lewy body disorders.
The 17 RCTs included 1798 patients (McKeith et al., 2000; Aarsland et al., 2002; Beversdorf et al., 2004; Emre et al., 2004; Leroi et al., 2004; Okereke et al., 2004; Ravina et al., 2005; Mentis et al., 2006; Litvinenko et al., 2008; Grace et al., 2009; Chung et al., 2010; Di Giacopo et al., 2012; Dubois et al., 2012; Mori et al., 2012; Devos et al., 2014; Ikeda et al., 2015; Mamikonyan et al., 2015) . The studies included 4 on ChEIs for DLB (McKeith et al., 2000; Beversdorf et al., 2004; Mori et al., 2012; Ikeda et al., 2015) , 7 on ChEIs for PDD and CIPD (Aarsland et al., 2002; Emre et al., 2004; Leroi et al., 2004; Ravina et al., 2005; Litvinenko et al., 2008; Dubois et al., 2012; Mamikonyan et al., 2015) , and 6 on ChEIs for PD (Okereke et al., 2004; Mentis et al., 2006; Grace et al., 2009; Chung et al., 2010; Di Giacopo et al., 2012; Devos et al., 2014) . Ten studies were double-blind, parallel, and placebo-controlled (McKeith et al., 2000; Emre et al., 2004; Leroi et al., 2004; Mentis et al., 2006; Grace et al., 2009; Di Giacopo et al., 2012; Dubois et al., 2012; Mori et al., 2012; Devos et al., 2014; Ikeda et al., 2015) , 1 was open-label, parallel, and non-placebo-controlled (Litvinenko et al., 2008) , 5 were double-blind, placebo-controlled, and single-crossover (Aarsland et al., 2002; Okereke et al., 2004; Ravina et al., 2005; Chung et al., 2010; Mamikonyan et al., 2015) , and 1 was doubleblind, placebo-controlled, double-crossover (Beversdorf et al., 2004) . The mean study duration was 13 weeks (4-26 weeks). Further, 7 to 550 patients were included in each study. The mean age of the entire study population was 72 years. Twelve of 17 studies were sponsored by pharmaceutical companies. Eight studies were conducted in the United States; 2 in Japan; 1 each in France, Italy, Norway, and Russia; and 3 in multiple countries. The characteristics of the trials included are summarized in Table 1 . We evaluated the methodological quality of all studies using the Cochrane risk of bias criteria (Figure 2 ). Eight studies (Beversdorf et al., 2004; Leroi et al., 2004; Okereke et al., 2004; Ravina et al., 2005; Mentis et al., 2006; Litvinenko et al., 2008; Chung et al., 2010; Di Giacopo et al., 2012) did not mention the method of randomization. Furthermore, 8 studies (Beversdorf et al., 2004; Okereke et al., 2004; Mentis et al., 2006; Litvinenko et al., 2008; Grace et al., 2009; Chung et al., 2010; Di Giacopo et al., 2012; Dubois et al., 2012) did not mention the method of allocation concealment. One study was an open trial (Litvinenko et al., 2008) , and 2 (Okereke et al., 2004; Litvinenko et al., 2008 ) used a complete analysis. One study (Beversdorf et al., 2004) did not report detailed information regarding method of statistical analysis; therefore, we did not include any data in the meta-analysis.
Meta-Analysis for Primary Outcomes
Cognitive Function
Pooled ChEIs improved cognitive function scores compared with control treatments (SMD = −0.53, 95% CI = −0.72 to −0.35, P < .0001, I 2 = 68%, 16 comparisons, n = 1889) (Figure 3 ). Visual inspection of the funnel plots for primary outcomes did not suggest the presence of publication bias (Figure 4a ). For individual ChEIs, donepezil and rivastigmine significantly improved cognitive function scores compared with placebo (donepezil: SMD = −0.51, 95% CI = −0.69 to −0.34, P < .00001, I 2 = 41%, 11 comparisons, n = 1148 and rivastigmine: SMD = −0.29, 95% CI = −0.45 to −0.13, P = .0004, I 2 = 0%, 3 comparisons, n = 648). In contrast, there was no significant difference in cognitive function scores between galantamine and control groups (SMD = −1.5, 95% CI = −3.62 to 0.62, P = .17, I 2 = 94%, 2 comparisons, n = 93).
Sensitivity Analyses of Cognitive Function
There was significant heterogeneity in cognitive function scores among the studies (I 2 = 68%) ( Figure 3 ). Therefore, we performed several sensitivity analyses for identifying confounding factors affecting cognitive function scores (Table 2a) . When divided into a double-blind RCT subgroup and "other" subgroup, the significant heterogeneity disappeared in the double-blind RCT subgroup (double-blind RCTs subgroup [n = 15], I 2 = 39%; other subgroup [n = 1 galantamine study (Litvinenko et al., 2008) ], I 2 = not applicable (NA); test for subgroup differences, I 2 = 95.6%, P < .00001]. When divided into placebo-controlled and non-placebo-controlled trial subgroups, the same results were found.
When divided according to the tested ChEIs, the significant heterogeneity disappeared in donepezil and rivastigmine subgroups (donepezil subgroup: I 2 = 41%; rivastigmine subgroup: I 2 = 0%); Table 1 . Continued however, heterogeneity remained in the galantamine subgroup (I 2 = 94%). When divided into DLB, PDD + CIPD, and PD subgroups, there was significant heterogeneity among all subgroups (DLB: I 2 = 56%; PDD + CIPD: I 2 = 76%; PD: I 2 = 61%). ChEIs significantly affected cognitive function scores for DLB and PDD + CIPD subgroups (DLB: SMD = −0.58, 95% CI = −0.86 to −0.31, P < .0001, I 2 = 56%, 6 comparisons, n = 496 and PDD + CIPD: SMD = −0.59; 95% CI = −0.88 to −0.30, P < .0001, I 2 = 76%, 8 comparisons, n = 1301). In contrast, there was no effect of ChEIs on cognitive function scores in the PD subgroup (SMD = −0.12, 95% CI = −0.79 to 0.54, P = .72, I 2 = 61%, 2 comparisons, n = 92). When divided into long duration (>12 weeks) and short duration (≤12 weeks) subgroups, there was significant heterogeneity in both subgroups (long duration subgroup: I 2 = 80%; short duration subgroup: I 2 = 55%). When divided into high-quality trial (double-blind, randomized, parallel, placebo-controlled trial as well as ITT or modified ITT analysis) and "other" subgroups, the significant heterogeneity disappeared in the high-quality trials subgroup (I 2 = 45%) but remained in the "other" subgroup (I 2 = 85). Further, when divided into large and small sample size subgroups, the significant heterogeneity disappeared in the small sample size subgroup (I 2 = 7%) but remained in the large sample size subgroup (I 2 = 75%). When divided into industry and nonindustry subgroups, the significant heterogeneity disappeared in the industry subgroup (I 2 = 48%) but remained in the nonindustry subgroup (I 2 = 89%).
Behavioral Disturbance
Pooled ChEIs improved behavioral disturbance scores compared with control treatments (SMD = −0.28, 95% CI = −0.53 to −0.03, P = .03, I 2 = 81%, 13 comparisons, n = 1832) ( Figure 5 ). Visual inspection of the funnel plots for primary outcomes did not suggest the presence of publication bias (Figure 4b ). For individual ChEIs, rivastigmine was significantly more efficacious than placebo (SMD = −0.21, 95% CI = −0.37 to −0.04, P = .01, I 2 = 0%, 2 comparisons, n = 620). There was also a trend toward improved behavioral disturbance scores for donepezil compared with that for placebo (SMD = −0.14, 95% CI = −0.31 to 0.02, P = .09, I 2 = 36%, 9 comparisons, n = 1130), while galantamine had no significant effect compared with control treatment (SMD = −2.52, 95% CI = −7.35 to 2.31, P = .31; I 2 = 98%, 2 comparisons, n = 82).
Sensitivity Analyses of Behavioral Disturbance
There was significant heterogeneity in behavioral disturbance scores among the studies (I 2 = 81%) ( Figure 5 ). Therefore, we performed several sensitivity analyses for identifying confounding factors affecting behavioral disturbance scores (Table 2b) . When divided into a double-blind RCT subgroup and "other" subgroup, the significant heterogeneity disappeared in the double-blind RCT subgroup (double-blind RCTs subgroup [n = 12], I 2 = 14%; other subgroup [n = 1 galantamine study (Litvinenko et al., 2008) ), I 2 = NA; test for subgroup differences, I 2 = 98.0%, P < .00001]. When divided into placebo-controlled and non-placebo-controlled trial subgroups, the same results were found. When divided according to the tested ChEIs, the significant heterogeneity disappeared in the donepezil and rivastigmine subgroups (donepezil subgroup: I 2 = 36%; rivastigmine subgroup: I 2 = 0%); however, heterogeneity remained in the galantamine subgroup (I 2 = 98%). When divided into DLB, PDD+CIPD, and PD subgroups, there was significant heterogeneity in the DLB and PDD+CIPD subgroups (DLB: I 2 = 58%; PDD+CIPD: I 2 = 90%). ChEIs significantly affected behavioral disturbance scores for PDD+CIPD subgroups (SMD = −0.54; 95% CI = −0.98 to −0.10, P = .02, I 2 = 90%, 6 comparisons, n = 1289). In contrast, there was no effect of ChEIs on behavioral disturbance scores in the DLB subgroup (SMD = −0.13, 95% CI = −0.40 to 0.14, P = .35, I 2 = 58%, 6 comparisons, n = 500). We did not perform meta-analysis on behavioral disturbance scores for PD subgroup, because there was only one relevant study (Grace et al., 2009 ). This study revealed that no significant differences in behavioral disturbance scores were found between groups (SMD = −0.09, 95% CI = −0.70 to 0.51, P = .76, I 2 = NA, n = 43). When divided into long duration and short duration subgroups, there was significant heterogeneity in both subgroups (long duration subgroup: I 2 = 88%; short duration subgroup: I 2 = 55%). ChEIs significantly affected behavioral disturbance scores for long duration subgroups (SMD = −0.47; 95% CI = −0.84 to −0.10, P = .01, I 2 = 88%, 7 comparisons, n = 1414). In contrast, there was no effect of ChEIs on behavioral disturbance scores in the short duration subgroups (SMD = −0.1, 95% CI = −0.39 to 0.20, P = .52, I 2 = 55%, 6 comparisons, n = 418). When divided into high-quality trial and other subgroups, the significant heterogeneity disappeared in the highquality trials subgroup (I 2 = 21%) but remained in the "other" subgroup (I 2 = 98). ChEIs significantly affected behavioral disturbance scores for high-quality trial subgroups (SMD = −0.17; 95% CI = −0.28 to −0.05, P = .005, I 2 = 21%, 11 comparisons, n = 1755). In contrast, there was no effect of ChEIs on behavioral disturbance scores in the other subgroups (SMD = −2.49, 95% CI = −7.38 to 2.40, P = .32, I 2 = 98%, 2 comparisons, n = 77). Further, when divided into large and small sample size subgroups, the significant heterogeneity disappeared in the small sample size subgroup (I 2 = 0%) but remained in the large sample size subgroup (I 2 = 84%). ChEIs significantly affected behavioral disturbance scores for large sample size subgroup (SMD = −0.3; 95% CI = −0.57 to −0.04, P = .03, I 2 = 84%, 11 comparisons, n = 1778). In contrast, there was no effect of ChEIs on behavioral disturbance scores in the small sample size subgroup (SMD = −0.11, 95% CI = −0.65 to 0.43, P = .69, I 2 = 0%, 2 comparisons, n = 54). When divided into industry and nonindustry subgroups, the significant heterogeneity disappeared in the industry subgroup (I 2 = 28%) but remained in the nonindustry subgroup (I 2 = 96%). ChEIs significantly affected behavioral disturbance scores for industry subgroup (SMD = −0.17; 95% CI = −0.29 to −0.04, P = .008, I 2 = 28%, 10 comparisons, n = 1712). In contrast, there was no effect of ChEIs on behavioral disturbance scores in the nonindustry subgroup (SMD = −1.62, 95% CI = −3.82 to 0.58, P = .15, I 2 = 96%, 3 comparisons, n = 120).
Motor Function
Changes in UPDRS-motor scores were not significantly different from control treatments (SMD = −0.02, 95% CI = −0.14 to 0.10, P = .76, I 2 = 8%, 15 comparisons, n = 1312) ( Figure 6 ). Visual inspection of the funnel plots for primary outcomes did not suggest the presence of publication bias (Figure 4c ). For individual ChEIs (donepezil, galantamine, and rivastigmine), no significant differences in UPDRS-motor scores were found between groups.
Meta-Analysis for Secondary Outcomes
Activities of Daily Living
Pooled ChEIs improved ADL scores compared with placebo (SMD = −0.28) ( Table 3) . For individual ChEIs, donepezil significantly improved ADL scores compared with placebo (SMD = −0.37). We could not perform a meta-analysis for rivastigmine, because there was only one study reporting ADL scores (Emre et al., 2004) ; however, this study revealed that rivastigmine significantly improved ADL scores compared with placebo (SMD = −0.21).
Global Function Assessment
Pooled ChEIs improved global function assessment scores compared with placebo (SMD = −0.52) ( Table 3) . For individual ChEIs, donepezil and rivastigmine significantly improved global function assessment scores compared with placebo (donepezil: SMD = −0.61 and rivastigmine: SMD = −0.34).
Safety Outcomes
There was a significantly higher all-cause discontinuation rate in the pooled ChEIs group compared with controls (RR = 1.48, NNH = 14) (Table 3) . Rivastigmine was associated with higher all-cause discontinuation rate than placebo (RR = 1.59, NNH was not significant).
There was a significantly higher discontinuation rate because of adverse events in the pooled ChEIs group compared with the control group (RR = 1.59, NNH = 20) (Table 3) .
There was a significantly higher rate of at least one adverse event between pooled ChEIs and placebo groups (RR = 1.13, NNH = 11) (Table 3) . For individual ChEIs, there was a significantly higher rate of at least one adverse event for rivastigmine compared with placebo (RR = 1.18, NNH = 9). For donepezil and galantamine, the rates of at least one adverse event were similar between groups. The incidence of severe adverse events was similar between pooled ChEIs and placebo groups. The rates of severe adverse events were similar between groups (there were no data for galantamine). With respect to individual adverse events, the pooled ChEIs group treatment was associated with a lower incidence of hallucination than placebo group (RR = 0.58, NNH was not significant) ( Table 3 ). The pooled ChEIs group had a higher incidence of nausea than the placebo group (RR = 2.50, NNH = 13). For individual ChEIs, donepezil was associated with a higher incidence of nausea than placebo (RR = 2.39, NNH was not significant).
Rivastigmine was associated with a higher incidence of nausea than placebo (RR = 2.60, NNH = 6). The pooled ChEIs group had a higher incidence of tremor than the placebo group (RR = 2.30, NNH = 20). For individual ChEIs, rivastigmine was associated with a higher incidence of tremor than placebo (RR = 2.33, NNH = 17). No significant differences were found in the incidences of diarrhea, vomiting, PD symptoms, insomnia, and dizziness between *High-quality trials trial design: double-blind, parallel, randomized, placebo-controlled trial, intention to treat population or modified intention to treat population, Others: crossover trial, non-placebo-controlled trial, nonintention to treat population trial. *High-quality trials trial design: double-blind, parallel, randomized, placebo-controlled trial, intention to treat population or modified intention to treat population, Others: crossover trial, non-placebo-controlled trial, nonintention to treat population trial.
pooled ChEIs and placebo groups. Rivastigmine was associated with a higher incidence of vomiting and dizziness than placebo (vomiting: RR = 9.89, NNH = 7; dizziness: RR = 5.19, NNH = 20).
Discussion
To our knowledge, this is the first comprehensive meta-analysis of RCTs assessing the efficacy and safety of ChEIs for Lewy body disorders. The main results indicate that ChEIs improve cognitive function, behavioral disturbances, ADL, and global function compared with placebo. Moreover, pooled ChEIs did not worsen motor function. According to the effect sizes of individual ChEIs for cognitive function, donepezil was the most effective (SMD = −0.51), followed by rivastigmine (SMD = −0.29), while galantamine had no significant effect compared with placebo. Further, only rivastigmine significantly improved behavioral disturbances compared with placebo; however, even these effects were small (SMD = −0.21). We suggest that the significant heterogeneity among studies of cognitive function and behavioral disturbances was because of variation in quality of the trial design, because the heterogeneity was reduced after excluding one open-label, non-placebo-controlled trial (Litvinenko et al., 2008) . Sensitivity analysis also revealed heterogeneity because of blinding methods. One previous meta-analysis of DLB, PDD, and CIPD (Wang et al., 2015) reported that ChEIs were superior to placebo in several efficacy outcomes (cognitive function, behavioral disturbances, ADL, global function, and motor function) similar to the results of our meta-analysis. Further, we found that ChEIs significantly improved cognitive function in the DLB and PDD + CIPD patient groups, but not in the PD group. These results are strongly suggesting considerations for approving ChEIs for Lewy Body disorders to treat cognitive decline. In addition, we found that ChEIs significantly improved behavioral disturbances in PDD+CIPD patient group, but not in the DLB and PD groups. Further, we found that ChEIs significantly improved ADL in patients with DLB and PDD+CIPD. Moreover, because number of studies of galantamine and rivastigmine were small, a multiple-network meta-analysis of all anti-dementia drugs including memantine will be required to increase a statistical power. While these drugs were effective against several cardinal deficits associated with Lewy body diseases, there were also significantly higher rates of all-cause discontinuation, discontinuation because of adverse events, and incidence of at least one adverse event in the pooled ChEIs group compared with controls. Moreover, ChEI treatment was associated with a higher incidence of nausea and tremor compared with placebo. For individual ChEIs, rivastigmine was associated with a higher incidence of vomiting and dizziness compared with placebo.
These conclusions must be considered considering several limitations. The first limitation is that our meta-analysis includes "gray" studies supported by pharmaceutical companies. However, these represented the majority of the retrieved articles. Nonetheless, they appear in peer-reviewed journals. Moreover, there were no significant subgroup differences between industry-sponsored and non-industry-sponsored studies (I 2 = 39.6%, P = .20). The second limitation is that characteristics the studies included in the meta-analysis (Table 1) . The third limitation is that included studies had several risk of bias (Figure 2) . The fourth limitation is that patients with dementia are known to have a poor drug compliance (Boada and Arranz, 2013) , reducing the measured effectiveness. Finally, several studies included in this meta-analysis did not report any available data on symptom scales and safety outcomes; therefore, the outcome results for efficacy and safety did not include data from all the 17 studies.
In conclusion, ChEIs are beneficial for the treatment of Lewy body disorders as assessed by multiple scales evaluating cognition, behavioral disturbances, ADL, and global function. Moreover, ChEIs do not worsen motor function. However, a careful monitoring of treatment compliance and side effects is required.
